The first aim of the study was to investigate the association between eight root-isolated fungal 3 strains and Scots pine roots using root section microscopy. The second and main aim was to 4 study how these strains affect the secreted enzymes pattern of fungal-inoculated roots ( ectomycorrhizal fungi, three endophytic fungi and three decomposer (later 'decay') fungi. We 7 hypothesize that 1) fungal colonisation within plant roots alters the root morphology and the 8 root-excreted enzyme activities and, 2) the endophytic fungi can be grouped into different 9 ecological groups (fungal guilds) based on functional analysis of fungi in interaction with 10 pine root, based on their enzyme activity profiles, and 3) ectomycorrhizal and endophytic 11 fungi have more similar enzyme activity profiles than decay fungi, which supports the 12 hypothesis that endophytic fungi have a mutualistic association with the host plant, supporting 13 neutral or positive effects on plant performance. The strains were all originally isolated in Finland from Scots pine ectomycorrhiza except for 4 the litter-decomposing fungal strain, which was isolated from a Collybia dryophila fruiting 5 body. The taxonomic identity of the nine strains was determined by sequencing the ITS 6 region of the rRNA operon using the ITS1 and ITS4 primer pair (Gardes and Bruns 1993). 7
The sequences were deposited in GenBank and their accession numbers are given in Table 1 . 8
The strains were deposited as pure cultures in the Fungal Biotechnology Culture Collection 9 (FBCC within HAMBI) at the University of Helsinki, Finland. 10
11

Root sections and microscopy 12
Seven root tips were randomly selected from the root system of inoculated and non-inoculated 13 seedlings (N=3) and were prepared for microscopy by pre-fixing them at +4 °C overnight in 14 0.1 M phosphate buffer (pH 7.0) containing 2.5 % (v/v) glutaraldehyde. Subsequently, the 15 root tips were rinsed three times for 10 min with phosphate buffer (pH 7.0) at +4 °C, followed 16 by a fixing period of 3-4 hours in 1 % osmium tetroxide (OsO 4 ) phosphate buffer (pH 7.0). 17
The samples were dehydrated after rinsing three times for 10 min with phosphate buffer (pH 18 7.0) at +4 °C. The samples were soaked twice in 50% ethanol, then in 70%, 94%, 100% 19 ethanol and finally in 2% uranyl acetate in 100% ethanol for 10 min each. The samples were 20 treated three times in propylene oxide for 10 min at +20 °C before eponification. Samples 21 were incubated for 60 min in 3:1 mixture of propylene oxide and Epon resin (Ladd LX 112). 22
The samples were then incubated for 120 min in 1:1 mixture of propylene oxide and Epon 23 resin, 120 min in 1:3 mixture and finally in pure Epon resin overnight. The samples wereD r a f t placed in pure Epon at +20°C prior to polymerization for one day at +37°C and three days at 1
+60°C. 2
One µm sections were cut and stained with 0.1% toluidine blue for 30 min before examination 3 with a Leica DMLB microscope (Leica®, Wetzlar, Germany). Microscope section 4 photographs taken with a Zeiss Microscope with ZEN2012 blue edition software (Carl Zeiss 5
Microscopy GmbH) were used to analyze the host-effect of fungal isolates. 6 
7
Enzyme assays 8
The seven randomly selected root tips cut earlier from the roots of inoculated and non-9 inoculated seedlings for root sections were also used for the enzyme assays, as described in 10 
WinRhizo
TM program (Regent Instruments, Quebec, Canada) and the results were calculated 21 as previously described (Pritsch et al. 2011) . 22 D r a f t 8 Total biomass was measured after collection of the root tips for the microscopic and enzyme 1 assays. Total nitrogen and carbon content of the shoots was determined from dried and 2 ground samples by using a varioMAX CN analyzer (Elementar Analysensysteme GmbH, 3
Hanau, Germany). Shoots weighing less than 50 mg DW were omitted from the N analysis 4 because the total N measurement is sensitive to small samples. 5 6
Statistical analysis 7
The effects of different fungal treatments on enzyme activities and biomass were tested using 8 one-way analysis of variance (ANOVA) followed by the Tukey post hoc test. The non-9
parametric Kruskal-Wallis test was used when assumptions of normality or equality of 10 variances were not met. ANOVA and non-parametric tests were performed using IBM SPSS 11
Statistics version 23.0.0.2. Endophytic, ectomycorrhizal and decay fungal colonised root tips 12 were compared to control roots using a distance-based linear discriminant analysis (LDA) 13 with fungal functional groups as grouping factor in order to investigate the multivariate 14 patterns of enzyme activities (RStudio, Inc, Version 0.99.491, package MASS). The 15 differences in the DA1 and DA2 axis scores in different functional groups were tested using 16 D r a f t 9 ( Fig. 1-B) . The root surface of seedlings inoculated with Suillus variegatus displayed only a 1 thin mantle structure ( Fig. 1-C) . Well-developed Hartig net structures were observed 2 throughout the cortex in both sets of seedlings, confirming the formation of ECM associations 3 ( Fig. 1 B, C) . 4 The root section of seedlings inoculated with the endophyte Phialocephala fortinii displayed a 5 thin layer of hyphae surrounding the root surface, and massive colonization by intercellular 6 and intracellular hyphae were found in both cortical and cortex cells. The hyphae present in 7 cortical cells formed coils and a deeply stained layer of tannin cells was also observed (Fig. 1-8 D). Intracellular hyphal coils were also observed in root sections of the endophytes 9
Metapochonia bulbillosa and Meliniomyces variabilis ( Fig. 1-E, F) . However, the presence of 10 clear intercellular hyphae, a tannin cell layer and the initial Hartig net-like structure was also 11 observed in cortical layer in the sections of Meliniomyces variabilis ( Fig. 1-F) . 12 
13
The root tissues of the seedlings inoculated with the decay fungi Sistotrema brinkmannii, 14
Conichaeta ligninaria and Gymnopilus penetrans were clearly collapsed ( Fig. 1-G, H, I ) and 15 the same signs of damage and empty cells were also observed in the roots of seedlings 16 inoculated with the litter-decomposing Collybia dryophila ( Fig. 1-J) . 17
18
Enzyme activities 19
The catalytic activity for each enzyme assayed, and the sum of all enzyme activities per 20 treatment are given in Table 2 . The large variation in the measured enzyme activities between 21 individual root tips resulted in just a few statistically significant differences between the 22 treatments. Significant differences were observed in xylosidase, cellobiohydrolase, β-23 glucosidase and "chitinase" (N-acetyl-glucosaminidase) treatments. The sum of all enzyme 24 activities differed significantly between the treatments (Table 2) . No statistically significantD r a f t differences were observed for glucuronidase, acid phosphatase, leucine aminopeptidase and 1 laccase enzyme activities. The non-fungal control seedlings usually had the lowest enzyme 2 activities while seedlings inoculated with the endophytic P. fortinii had the highest activities. 3 4 The enzyme data analysed using linear discriminant analysis (LDA) showed that 5 ectomycorrhizal and endophytic fungal clusters were the most distant from each other while 6 controls and decay fungi fell in between these groups (Fig 2) . The endophytic fungi differed 7 significantly from all other groups while ectomycorrhiza differed from decay fungi but not 8 from control according to the first discriminant axis (DA) that explained 78% of the variation 9 in the data ( Table 3 ). The control seedlings differed from all fungal inoculated seedlings 10 according to the second DA that explained 22% of the variation in the data (Table 3) . The multi-enzyme assay, which was used for the first time in our study to investigate the 24 functioning of endophytic fungi, is widely used to study the functioning of ectomycorrhiza in shown to detect mainly fungal exo-enzyme activities that are stable enough to allow transport 2 of root samples from the field, for processing and analysis in the laboratory (Pritsch et al. 3 2011 ). We used the same assay in a novel way in order to detect the effect of non-mycorrhizal 4 root-inhabiting fungi on enzyme production in association with original host plant roots and 5 compare them to activities of non-colonised and mycorrhizal root tips. Our results 6 demonstrate surprisingly small differences in the root-excreted enzyme activities between 7 Scots pine roots colonised by different kinds of fungi that are supposed to be functionally 8 very different. Sterile Scots pine had the lowest activities in most cases. However, due to the 9 large variation between individual root tips, the enzyme activities induced by many of the 10 fungi did not differ from each other significantly. Our results indicate that all fungi inhabiting 11 the roots influenced the exo-enzymes produced by the plant-root association during our study 12 period. Furthermore, this result suggests that fungi primarily expressed or induced plants to 13 produce these exo-enzymes. Only the phosphatase enzyme appears to be expressed at similar 14 levels by the plant. Moreover, the roots colonized by the endophytic fungus P. fortinii had 15 very high enzymatic activities in comparison to the other fungal strains. These high levels of 16 activities could be related to the high density of P. fortinii hyphae within and around pine 17 roots as illustrated in our microscopic observations. Significant fungal species-related 18 differences in hemicellulase, cellulase and chitinase enzymatic activities, which are all 19 involved in cell-wall degradation, but not with other enzymes, were found among the fungi 20 tested. However, it is important to note that this assay does not provide any proof of nutrient 21 transfer from the fungal partner to the host, which is often the case in mycorrhizal symbiosis. 22
It is also noteworthy that the timing of the analysis may play a role as the plant-fungal 23 interaction may form a continuum along a gradient from mutualism to commensalism and to 24 parasitism (Peterson et al. 2008 ). Therefore, we conclude that the activities detected in theD r a f t 13 root tip analysis must be interpreted with caution, if the functional role of root-associated 1 fungi is not known and the benefits to the host plant are uncertain. 2
Despite few significant differences in the activities of individual enzymes, the multivariate 3 discriminant analysis showed a separation between ectomycorrhizal, endophytic and decay 4 fungi when the score of the first discriminant axis was considered. The first axis explained 5 78% of the variation in the data. The second axis separated enzyme patterns of non-inoculated 6 root tips from all fungal-inoculated root tips. This is an important finding and shows that 7 
